ABSTRACT
INTRODUCTION
Drugs are substances developed for human betterment but at the same time they are proved to cause harm to human life. 1 Drug-drug interaction is defined as the pharmacokinetic or pharmacodynamic influence of drugs on each other which may either result in desired effects, reduced efficacy and effectiveness or increased toxicity. 2 Drug-drug interactions are increasingly acquiesced as an area of major concern. Drug-drug interactions are associated with significant morbidity, mortality, impaired quality of life and are primary drivers of hospital admissions. 3 It remains as a major contributor of health damage within hospitals as too many medications may be prescribed simultaneously particularly in cases of Geriatric patients due to the presence of co-morbidities. Life expectancy has increased tremendously due to the abundance of medicines. Most geriatric patients as well as patients with ancillary conditions require poly pharmacy and hence are at higher risk of drug-drug interactions. 4 Physicians are not averse to the use of multiple medications to manage complicated diseases. This could result in the proverbial double-trouble of drug-drug interactions which are side effects and difficulties in compliance. It comes as no surprise that Drug-Drug interactions are of a major concern for patients these days. Medication errors because of their severe consequences especially in the long term, has been increasingly gaining attention. Therefore the prevention of its occurrence has become a major priority in health care systems. 5 This study is anticipated to raise cognizance of preventing drug-drug interactions by assessing clinically significant drug-drug interactions by a systematic review of case files in South Indian tertiary care hospitals. 6 Assessing and controlling the occurrence of clinically important drug-drug interactions can reduce medication related problems and thereby improve pharmaceutical care. 7 Incidence of drug-drug interactions is estimated to vary from 6%-30% among hospitalized patients and still offers a significant risk to patient health status and continues to pose a considerable economic burden on health care system. 8 Approximately 37-60% of patients admitted to the hospital may have one or more potentially interacting drug combinations at admission. The HARM study recently reported that 2.4% of all hospital admissions and 5.6% of all emergency admissions in Netherlands were related to drug-drug interactions of which almost half were considered preventable. 9 Factors that have shown consistent association with the presence of potential drug-drug interactions in previous studies included pharmacotherapy, age, gender, main diagnosis, medications and the number of physicians that the patient visits. 10 Drug-drug interaction is a modification of the effect of a drug when administered with another drug. This effect can be severe, moderate or a mild type and there is also a chance for that effect is not associated with either drug.
11
The outcome can be harmful if the interaction cause an increase in the toxicity of the drug. For example there is a considerable increase in risk of severe muscle damage if patients on statins start taking azole antifungals. A reduction in efficacy due to an interaction can sometimes be just as harmful as an increase: patients taking warfarin who are given rifampicin need more warfarin to maintain adequate and protective anticoagulation. 12 DDI's can be classified according to the mechanism by which drugs interact with each other as pharmacokinetic and pharmacodynamic. The drug-drug interactions are assessed and classified based on their severity with the help of interaction checking tools such as Up to Date, Lexicomp and Stokley's interaction checker. Having knowledge of the most commonly occurring preventable drug-drug interactions, the prevalence and risk factors of clinically important potential drugdrug interactions will help clinicians and other health care professionals to identify patients who are at a higher risk of drug-drug interactions arising out of adverse drug events requiring more cautious pharmacotherapy management to reign in the same. Furthermore health care professionals should be aware of the associated risks and should consciously avoid prescribing unnecessary medications to prevent poly pharmacy from occurring. Poly pharmacy is one of the most avoidable practices that lead to the occurrence of drug-drug interactions. Further physicians should prescribe medicines based on evidence with rational combinations and the pharmacist should accordingly take specialized care so that drug-drug interactions are avoided. This study focuses on creating awareness for preventing drug-drug interactions by assessing clinically significant drug-drug interactions by systematic review of case files in a south Indian tertiary care hospital and is expected to elevate the importance of drug monitoring and review of medication charts of hospitalized patients and thereby help both clinicians and researchers to have better clarity on this matter and perhaps guide clinicians on how to avoid such interactions. It is therefore necessary for healthcare professionals to routinely evaluate the patient medication chart to prevent drug-drug interactions and to simultaneously report it to the physician so that he/ she may take measures to prevent its adverse effects on the health of concerned patients. It has evidently become a challenge for physicians to find time for recognizing drug-drug interactions. Recognizing clinically significant drug-drug interactions can result in improved quality of life and help in improving prescription patterns.
MATERIALS AND METHODS

Methodology
A prospective interventional study was carried out in a 750 bedded super specialty tertiary level referral hospital situated in Perinthalmanna, part of Malappuram district of Kerala for a period of six months. The study was conducted among 200 inpatients in the age group of 18 years and above from General Medicine, Pulmonology, Nephrology and Gastroenterology departments. Written informed consent was obtained from the participants prior to the study. Investigators respected and prioritized the privacy and confidentiality of all study participants leaving no chance to disclose their identity outside. Patients hospitalized for more than 24 hrs with two or more drugs in their daily prescriptions were included in the study. Pregnant women, psychiatric patients and patients with a history of drug abuse were excluded from the study. A total of 100 patients each were evaluated in the pre interventional and post interventional phase. An observational audit was conducted during the pre-interventional phase for all patients who were found eligible according to the inclusion criteria for a period of 3 months. All the relevant information was collected from patient case files, medication chart, interviews with patients and care givers. The data were analyzed, evaluated, categorized and recorded in a documentation format. During the interventional phase, based on the results of data analysis from pre interventional phase, an information letter with a list of commonly occurring DDIs with its significance and severity was prepared and distributed to the physicians of the departments involved in the study. Recommendations for altering therapies and monitoring the laboratory values, vitals etc were suggested to the physicians during this phase of 15 days. This phase was followed by a post interventional phase which extended for a period of 2 and half months, during which the procedures of pre interventional phase were repeated with another randomly selected 100 inpatients from the departments concerned. The results of pre interventional phase and post interventional phase were compared and the impact of the clinical pharmacist's intervention in reducing the drug-drug interactions was analyzed. Data was entered into Microsoft Excel and the recorded data were statistically analyzed using Statistical Package for Social Sciences (SPSS) software version 20.0 for WINDOWS. The collected data from subjects were analyzed by statistical treatment using appropriate statistical tools.
RESULTS
200 patients were randomly selected from the respective departments and followed during the period of 6 months. A total of 495 drug-drug interactions were found during the study period of which 368 interactions occurred in the pre interventional phase and 127 interactions occurred in the post interventional phase. Out of the total study population, 110 (55%) were males and 90 (45%) were females ( Figure 1 ). Male patients were predominant over females in the overall population and also in the study population with drug-drug interactions. From the total study population, 40.5 % were found to be above 60 years and 7 % below 20 years. The mean age was 51.83±20.86 years. The results also showed that majority of the patients with Drug-Drug Interactions (DDIs) were prescribed with 5-9 drugs per prescription (61%). As per the results from pre interventional and post interventional phase, the number of DDIs increased with age. Majority of drug-drug interactions were seen in patients above 60 years (40.5%) and least number of DDIs was found in patients below 20 years (7%). (Figure 2) The data obtained showed a P value of 0.075 which indicated that the relation between Age and DDIs was statistically significant. There was no significant relationship between gender and drug-drug interactions as the P value obtained was greater than 0.05. The no. DDIs increased with an increase in number of drugs per prescription. The relationship was highly statistically significant as the obtained P value was less than 0.01. Out of 368 DDIs in Phase 1 and 127 DDIs in Phase III, occurrence of major DDIs were 136 (74.3%) and 21 (25.65%) respectively. Moderate DDIs were 217 (43.83%) and 98 (19.79%) and minor DDIs were found to be 15 (4%) and 8 (6.29%) respectively. Out of the 495 DDIs that occurred in study population of 200 patients, 66 (13.33%) were of X severity, 106 (21.41%) were of D severity and 274 (55.35%) were of C severity according to LEXICOMP Risk Rating. The study indicated a reduction in the number of Probable, Possible and Doubtful DDIs after the interventional phase with a P value less than 0.05 which indicated that the data is statistically significant. Majority of DDIs that occurred in the study population was of Pharmacokinetic type (45.45%) followed by Pharmacodynamic and unknown DDIs. A total of 167 changes in laboratory values were found in the study population of which 118 (70.65%) was seen in Phase I and 49 (29.34%) was seen in Phase III. Out of a total of 85 interventions done for DDIs, 69 (81.17%) was done for interactions that occurred in Phase 1 and 16 (18.82%) for DDIs that occurred in Phase III.
DISCUSSION
Assuring patient's safety is a major challenge and opportunity for health care providers as it is a major component in providing quality care and superior healthcare delivery. Clinical Pharmacists have an important role in preventing adverse events from occurring to patients in a clinical setting. Among the adverse events that can occur, DDIs are of major concern. DDIs can be found among the inpatients that are mostly prescribed with more than two drugs. In Harvard Medical Practice Study of adverse events, 20 % of events in an acute hospital in-patient setting were drug related. Of this 8% were considered to be due to DDIs. 13 A few of the factors that are found responsible for causing DDIs in a hospital setting the no. of DDIs were also found to be increased. (Table 1 ) Since the obtained P value was 0.00, the relationship between no. of drugs prescribed and no. of DDIs/ prescription was statistically significant. The results were comparable to a study by H. Sharifi et al. 16 The total number of potential drug-drug interactions in the study was found to be 49, out of which 368 (74.34%) was found in Phase I and 127 (25.65%) was found in Phase III. This indicated a significant decrease in the number of potential drug-drug interactions in phase III after the interventional phase (phase II). The result of the study was similar to the study by Ghulam Murtaza et al. 12 The study done by Kumara Swamy RC et al. in Karnataka in 2014 revealed that as the no. of drug / prescription increased, DDIs also increased. 8 Similarly our study revealed that as the no. of drugs / prescription increased, the no. of DDIs also increased. The result was statistically significant since the P value was less than 0.005. The study done by Huda Kafeel et al. showed that, out of 202 interacting prescriptions 73 (36.13%) had major interactions, 28 (13.79%) had moderate interactions and 16 (7.92%) had minor interactions, 7 where on our study, out of 495 DDIs 157(31.71%) had major interactions, ( Figure  3 ) 315 (63.63%) had moderate interactions and 23 (4.64%) had minor interactions. Out of 368 DDIs in phase I and 127 DDIs in phase III, occurrence of major DDIs were 136 (74.3%) and 21 (25.65%) in phase I and phase III respectively, occurrence of moderate DDIs were 217 (43.83%) and 98 (19.79%) in phase I and phase III respectively and the occurrence of minor DDIs were 15 (4%) and 8 (6.29%) in phase I and phase III respectively. The Pearson Chi square test resulted in P value <0.05 which implies that there is a statistically significant reduction in the number of major, moderate and minor drug-drug interactions in phase III after the interventional phase. The interactions were classified into C, D and X categories according to Lexicomp Risk Rate. C category interactions were found to be most common and X category interactions were found to be least (Figure 4) . Out of 495 interactions, 274 (55.35%) of interactions belonged to C category, are prescriptions with poly pharmacy, geriatric patients with many comorbid conditions, multiple prescribers for a single patient, reduced patient compliance, improper conduct of medication history interview etc. From our clinical ward round experiences, we found a large no. of DDIs occurring that were adversely causing risks to the patients. There were situations where the patients had to suffer not only the burden of the cost of drugs but also the subsequent cost of drugs used for the treatment of the adverse reactions of the drugs as well as it resulted in reduced effectiveness of therapy, worsening of co-morbidities, signs and symptoms, drug toxicity etc. We strongly believe that clinical pharmacist interventions in such a scenario could bring a change to this by preventing the occurrence of potential DDIs that could cause harm to the patients. This influenced us in selecting our topic "A Prospective study on clinically relevant drug-drug interactions by systematic review of case files". The study was of prospective interventional type which included a total of 200 inpatients randomly selected from departments of General Medicine, Gastroenterology, Pulmonology and Nephrology. Of which 100 patients were evaluated for DDIs in Phase I. An interventional phase was carried out before collecting data from another set of 100 randomly selected patients in phase III to check the effectiveness of the interventional phase. Out of the total 200 patients selected 110 (n=200, 55%) were males and 90 (n=200, 45%) females. Males experienced a total no. of 50 (58%) DDIs in Phase I and 17 (39.6%) of DDIs in Phase III. Females experienced a total no. of 36 (42%) in Phase I and 19 (60.4%) in Phase III with a P value of 0.997 which indicated that gender had no influence on the drug-drug interactions. The patients were equally selected from all the 4 departments. Male patients were predominated over females in overall population and also in study population. This is similar to a study by Akram Ahmad et al. 14 The average age of the study population was found to be 51.83±20.86 years in our study whereas the avg. age was found to be 67.25±0.2 years in a study conducted by Mandavi kashyap et al. 15 This study revealed that as the no. of drugs/ prescription increased Figure  6 ). This was in stark contrast to a study by Nithin Kothari et al. which showed that 55% of the DDIs were of pharmacodynamic type. 18 Pharmacokinetic drug interactions deal with the modification of the effect of the drug caused by differences in the absorption, distribution, metabolism or excretion of the drugs.
The study revealed that out of the total 115 (23.23%) Probable DDIs, 73 (63.47%) were found in Phase I and 42 (36.5%) in Phase III ( Figure 5 ) with P value= 0.03 and Chi square= 9.046. Out of the total 208 (42%) Possible DDIs, 173 (83.17%) were found in Phase I and 35 (16.82 %) in Phase III with P value= 0.00 and Chi square= 61.540. Out of the total 172 (34.74%) Doubtful DDIs, 122 (71%) were found in Phase I and 50 (29%) in Phase III with P value= 0.00 and Chi square= 20.554. Pearson Chi Square test resulted in P value <0.05, which implies that there is a statistically significant reduction in the probable, possible and doubtful drug-drug interactions in phase III after the interventional phase. The results were comparable to study by Roheena Zafar et al. 19 In this study a total of 167 changes in laboratory values were found in the study population of which 118 (70.65%) was seen in Phase I and 49 (29.34%) was seen in Phase III (Figure 7) . This was comparable to study done by Jeannette E.F et al. where the changes in the laboratory values were found to be 59.9% in the study population. 20 Out of 85 interventions, 69 (81.17%) interventions were provided for the drug-drug interactions in phase I and 16 (18.82%) interventions were provided in phase III (Figure 8 ). This was comparable to the study done by Jeannette E.F. et al. where the total percentage of interventions was found to be 72% in the study population.
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CONCLUSION
The study revealed that 495 drug-drug interactions occurred in the study population, where majority of the interactions were of pharmacokinetic type. There was a drastic reduction in the occurrence of major DDIs after the interventional phase which showed a positive impact of pharmacist intervention on preventing the occurrence of drug-drug interactions that could otherwise cause harm to the patients leading to increased cost of burden, reduced effectiveness of therapy, worsening of co-morbidities etc. Given their causation, remedies and counseling, a clinical pharmacist plays an important role in the practice of safe medication and successful treatment.
